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Background: Marked hyperphosphatemia, hyperparathyroidism and 25-hydroxyvitamin D deficiency are associated
with mortality in dialysis patients. Such data in chronic kidney disease stage 2–4 population are limited. It has been
suggested that high-normal serum phosphate predicts worse renal and patient outcomes. The data regarding
parathyroid hormone and outcomes in this population is limited. The present study examined mineral metabolism
and its association with the development of end-stage renal disease and mortality in stage 2–4 chronic kidney
disease patients.
Methods: This is a prospective cohort study that included 466 non-dialysis chronic kidney disease stage 2–4
patients. Mineral parameters were obtained at the time of enrollment and the patients were followed prospectively
for 25 (1–44) months or until they reached the endpoints of end-stage renal disease or mortality.
Results: Hyperparathyroidism and 25-hydroxyvitamin D deficiency began to occur in the early stages of chronic
kidney disease, whereas significant hyperphosphatemia only developed in the later stages. High-normal and mildly
elevated serum phosphate (>4.2 mg/dL) predicted the composite outcome of end-stage renal disease or mortality
after adjustments for cardiovascular risk factors, chronic kidney disease stage and other mineral parameters.
Parathyroid hormone levels above the upper limit of normal (>65 pg/mL) predicted the future development of
end-stage renal disease and the composite outcome of end-stage renal disease or mortality after adjustments.
25-hydroxyvitamin D deficiency (<15 ng/mL) was also associated with worse outcomes.
Conclusions: In chronic kidney disease, hyperparathyroidism developed prior to significant hyperphosphatemia
confirming the presence phosphate retention early in the course of chronic kidney disease. High-normal serum
phosphate and mildly elevated parathyroid hormone levels predicted worse renal and patient outcomes. This data
emphasizes the need for early intervention in the care of chronic kidney disease stage 2–4 patients.
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Chronic kidney disease (CKD) is associated with an
increased risk of mortality [1]. As kidney function dete-
riorates, abnormalities of mineral metabolism began to
develop. Hyperphosphatemia, hyperparathyroidism and
vitamin D deficiency have been shown to predict all-
cause and cardiovascular mortality in dialysis patients
[2,3]. Derangements of mineral metabolism began to
occur in the early stages of chronic kidney disease [4].
Despite the presence of phosphate retention in this early* Correspondence: sineemd@hotmail.com
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distribution, and reproduction in any mediumperiod, hyperphosphatemia does not develop until later
stages owing to an increase in parathyroid hormone
(PTH) and fibroblast growth factor 23 (FGF-23) whose
actions result in augmented urinary phosphate excretion
[5]. Previous studies have also suggested that, in less
advanced stages of CKD, an increase in serum phosphate
albeit within the normal range in association with an in-
crease in FGF-23 predicted the development of cardiovas-
cular events and mortality [6-8]. This data emphasizes the
importance of phosphate retention on patient outcomes.
Limited data is available regarding the relationship be-
tween PTH and outcomes in CKD stages 2–4. The aim of
the present study was to examine the associations betweentral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly cited.
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vitamin D and outcomes of end-stage renal disease
(ESRD) and mortality in CKD stage 2–4 patients.
Methods
Patients
This study was approved by the ethical committee for re-
search involving human subjects of the Faculty of Medi-
cine, Ramathibodi Hospital, Mahidol University and was
conducted according to the Declaration of Helsinki.
Informed consent was obtained from all participants.
Non-dialysis CKD patients with serum creatinine >=1.1
mg/dL in females, and >=1.2 mg/dL in males, were
recruited during routine follow-up visits to the out-
patient clinic of Ramathibodi Hospital, between May
2008 to December 2010. Patients with acute illnesses or
acute kidney injury were excluded.
Medical chart review was performed to collect data on
baseline demographics and characteristics. Cardiovascu-
lar disease (CVD) was defined by a history of coronary
artery disease (myocardial infarction, unstable angina,
positive coronary angiography or abnormal myocardial
perfusion scan), cerebrovascular disease or peripheral ar-
terial disease. Diabetes mellitus (DM) was defined
according to the WHO criteria or the use of
hypoglycemic agents. Dyslipidemia was defined as total
cholesterol >= 240 mg/dL, LDL >=130 mg/dL, triglycer-
ides >=200 mg/dL, or by the use of statin. The history of
calcium intake was defined as receiving oral calcium
tablets with elemental calcium >=500 mg per day for at
least 3 months prior to the recruitment. The history of
nutritional vitamin D intake was defined as receiving a
cumulative dose of >=5,000 IU of ergocalciferol or cho-
lecalciferol per month for at least 3 months prior to the
recruitment. The history of active vitamin D intake was
defined as receiving calcitriol or alfacalcidol at a mini-
mum dosage of 0.25 μg 3 times per week for at least 3
months prior to the recruitment. None of the patients
received non-calcium-containing phosphate binders or
calcimimetics because the availabilities of these drugs in
Thailand were limited.
Laboratory data
Laboratory data including serum calcium, phosphate,
albumin, cholesterol, alkaline phosphatase (ALP), blood
urea nitrogen (BUN), creatinine (Cr), intact parathyroid
hormone (PTH), 25-hydroxyvitamin D (25-OH-D) and
spot urine protein creatinine ratio (UPCR) were
obtained at the time of enrollment. Blood and urine
samples were analyzed using a Dade Behring Dimension
RxL chemical analyzer (Siemens, Germany). Intact PTH
was determined by an immunoradiometric assay
(ELISA-PTH, Cisbio International, France). 25-OH-D
was determined by a chemiluminescent immunoassay.Serum calcium was corrected based on the following
equation: corrected calcium = serum calcium + [(40 –
serum albumin) ÷ (10 × 0.8)]. Estimated GFR was calcu-
lated using a modified MDRD formula validated for the
Thai population: eGFR = (375.5 x Cr(−0.848) × Age(−0.364)) ×
0.712 if female [9].
Outcomes
The study commenced at the time of enrollment when
all laboratory data were obtained. Patients were followed
prospectively until they reached ESRD, mortality or the
end of January 2012. Outcomes were time to death-
censored ESRD or time to the composite outcome of
ESRD or all-cause mortality, whichever came first. Those
who were lost to follow-up were contacted by phone
and asked whether they were still alive and remained
free of dialysis. The survival data of the patients who
could not be reached by phone were cross-referenced
with the national civil registration database and there-
fore, the mortality data was available in all patients.
Eleven patients who did not have a follow-up renal func-
tion were presumed to be free of dialysis.
Statistical analysis
Results are presented as mean ± SD unless specified
otherwise. One-way ANOVA or Kruskal-Wallis test were
used to compare the differences among groups of con-
tinuous data. Chi-square test was applied to test the dif-
ferences among groups of categorical data. The
significance of trends of multiple groups was analyzed
by linear-by-linear association in a Chi-square test. The
relationship between two continuous variables was eval-
uated by a Pearson’s correlation. Non-normal distribution
data were log-transformed prior to analyses. Cox propor-
tional hazards regression was used to determine the asso-
ciations between mineral parameters and outcomes. Cox
models were adjusted for age, sex, DM, BMI, serum albu-
min, eGFR (>=45 or <45 mL/min/1.73 m2) and mineral
parameters at baseline. Variables were checked for multi-
colinearity prior to entering into the multivariate models.
All computations were performed using SPSS version 17.0
software (SPSS, Chicago, IL). A p-value of less than 0.05
was considered statistically significant.
Results
Baseline characteristics and mineral parameters
A total of 466 patients were enrolled in the study. The me-
dian follow-up time was 24.6 (range 1–44) months. Base-
line demographics and laboratory data of all patients and
classification according to the eGFR are shown in Table 1.
As renal function deteriorated, serum phosphate and PTH
increased significantly, whereas serum calcium was largely
unchanged. With rising serum phosphate and PTH, more
patients were prescribed oral calcium and active vitamin D.
Table 1 Baseline demographics and laboratory data of all patients and classification according to renal function
eGFR (mL/min/1.73m2)
Parameters All Patients (n=466) >=60 (n=67) 45-59 (n=123) 30-44 (n=161) <=29 (n=115) P-valuea
Age (yrs) 65±13.2 61.2±15.1 62.6±13.7 66.1±12.3 68±11.6 <0.001
Male Sex (n/%) 261 (56) 60 (89.6) 90 (73.2) 75 (46.6) 36 (31.3) <0.001
BMI (kg/m2) 25.4±4.7 25±3.9 26.6±5.2 25±4.5 24.9±4.6 0.16
Hypertension (n/%) 422 (90.6) 58 (86.6) 115 (93.5) 147 (91.3) 102 (88.7) 0.948
Dyslipidemia (n/%) 324 (69.5) 49 (73.1) 85 (69.1) 114 (70.8) 76 (66.1) 0.404
DM (n/%) 263 (56.4) 28 (41.8) 65 (52.8) 102 (63.4) 68 (59.1) 0.011
CVD (n/%) 104 (22.3) 9 (13.4) 25 (20.3) 42 (26.1) 28 (24.3) 0.967
Calcium intake (n/%) 133 (28.5) 10 (14.9) 22 (17.9) 45 (28) 56 (48.7) <0.001
Nutritional vitamin D (n/%) 49 (10.5) 7 (10.4) 11 (8.9) 20 (12.4) 11 (9.6) 0.972
Active vitamin D (n/%) 18 (3.9) 0 (0) 1 (0.8) 4 (2.5) 13 (11.3) <0.001
Laboratory data
Calcium (mg/dL)b 9.3±0.5 9.19±0.53 9.27±0.43 9.32±0.44 9.28±0.55 0.195
Phosphate (mg/dL) 3.8±0.6 3.45±0.51 3.58±0.55 3.81±0.56 4.12±0.71 <0.001
Alkaline Phosphatase (U/L) 73.4±28.6 65.5±23.6 67.8±25 78.2±27.9 79.2±34.9 0.034
PTH (pg/mL)c 66 (43–105) 40 (29–61) 58 (38–74) 70 (48–103) 117 (71–173) <0.001
25-OH-D (ng/mL) 22±9.1 24.6±9.2 22.7±10.3 22.1±8.3 19.8±8.3 <0.001
Albumin (g/L) 37.5±5.2 38.1±6.6 39.2±4.3 37.1±5.2 36±4.8 <0.001
Cholesterol (mg/dL) 192±56 205±74 194±55 188±57 189±41 0.301
BUN (mg/dL) 29.7±14.6 16.1±4.7 22.4±6.8 29.6±9.7 45.1±16.2 <0.001
Creatinine (mg/dL) 2.25±1.21 1.23±0.16 1.62±0.34 2.12±0.49 3.68±1.53 <0.001
eGFR (mL/min/1.73 m2) 42.3±16.4 70.2±9.6 51.9±4.4 37.1±4.1 22.1±5.2 <0.001
UPCR (mg/g)c,d 0.67 (0.21-2.43) 0.24 (0.11-0.88) 0.35 (0.12-1.72) 0.58 (0.24-1.89) 1.78 (0.77-3.86) <0.001
aP-value for trend from eGFR>=60 to <=29, bcorrected calcium, cmedian (IQR), dspot urine protein/creatinine ratio.
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Figure 1 Percentage of patients with hyperphosphatemia,
hyperparathyroidism and 25-hydroxyvitamin D deficiency
according to renal function. P-values represent the significance of
trend for each mineral parameter.
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renal function, there was no significant change in the
number of patients who received nutritional vitamin D
supplements. In addition to the eGFR, serum phosphate
was positively correlated with serum calcium (r=0.177,
P<0.001) and PTH (r=0.176, P<0.001) but negatively cor-
related with 25-OH-D (r=−0.157, P<0.001). An inverse
relationship between PTH and serum calcium (r=−0.274,
P<0.001) as well as 25-OH-D (r=−0.216, P<0.001) was
observed. 25-OH-D displayed a strong negative associ-
ation with UPCR (r=−0.354, P<0.001) and correlated
positively with serum albumin (r=0.245, P<0.001). Figure 1
illustrated the prevalence of hyperphosphatemia, hyper-
parathyroidism and 25-OH-D deficiency according to the
eGFR. Significant hyperparathyroidism and 25-OH-D de-
ficiency occurred earlier in the course of CKD, but sig-
nificant hyperphosphatemia only developed in the later
period. Overall in this population of CKD stage 2–4
patients, 36 (7.7%) patients had hyperphosphatemia, 229
(49.1%) had hyperparathyroidism and 213 (45.7%) were
vitamin D deficient.
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At the end of the follow-up period, ESRD occurred in 74
(15.9%) patients, death in 40 (8.6%) patients, and both
ESRD and death in 6 (1.3%) patients. Outcomes in the
present study were time to death-censored ESRD or
time to the composite outcome of ESRD or all-cause
mortality. To analyze whether any of the baseline min-
eral parameters were associated with outcomes, serum
calcium, phosphate, PTH and 25-OH-D were divided
into tertiles or quartiles. In univariable Cox proportional
hazards models, serum calcium, oral calcium or vitamin
D intake did not show significant associations with the
outcomes. Serum phosphate greater than 3.7 mg/dL was
associated with the development of ESRD in an un-
adjusted model (Table 2). After adjustments for eGFR
(>=45 or <45 mL/min/1.73 m2) and CVD risk factors in-
cluding age, sex, DM, BMI and serum albumin (Model 1),
only the highest tertile of serum phosphate (> 4.2 mg/dL)
predicted future ESRD. The relationship between serum
phosphate and the outcome was lost after the model was
further adjusted for PTH and 25-OH-D (Model 2). High-
normal PTH levels (42–65 pg/mL) were associated with
the development of ESRD in an unadjusted model. After
adjustments for eGFR and CVD risk factors and mineral
parameters including phosphate and 25-OH-D, only PTH
levels above the upper limit of normal (>65 pg/mL) were
associated with ESRD. 25-OH-D levels less than 15 ng/mL
predicted the future development of ESRD. The relation-
ship between low 25-OH-D levels and ESRD remained
significant after adjustments for eGFR, CVD risk factors
and serum phosphate. PTH and 25-OH-D levels were
highly correlated; therefore, PTH was excluded from the
multivariate model. With the composite outcome of ESRDTable 2 Hazard ratios of ESRD
Parameters Unadjusted Model 1a Model 2b
Phosphated (mg/dL)
0-3.7 1 (reference) 1 (reference) 1 (reference)
3.7-4.2 2.04 (1.13-3.7)* 1.53 (0.77-3.03) 1.81 (0.86-3.81)
>4.2 4.56 (2.59-8.03)* 2.38 (1.21-4.68)* 1.98 (0.92-4.28)
PTHe (pg/mL)
1-42 1 (reference) 1 (reference) 1 (reference)
42-65 12.7 (1.65-97.5)* 5.73 (0.7-46.6) 5.66 (0.69-46.2)
65-105 13.2 (1.74-99.9)* 8.6 (1.09-67.7)* 8.77 (1.12-68.8)*
>105 51.4 (7.08-374)* 20.8 (2.75-158)* 16.5 (2.18-125)*
25-OH-Df (ng/mL)
>30 1 (reference) 1 (reference) 1 (reference)
15-30 1.84 (0.78-4.34) 3.64 (0.86-15.4) 3.33 (0.78-14.1)
<15 4.07 (1.67-9.92)* 6.82 (1.52-30.6)* 5.73 (1.27-26)*
aadjusted for age, sex, DM, BMI, serum albumin and eGFR (>=45 or <45 mL/
min/1.73 m2), bModel 1 further adjusted for other mineral parameters in this
table. dnormal values 2.5-4.6 mg/dL. enormal values 15–65 pg/mL, fnormal
values >=20 ng/mL. *P<0.05.or mortality, the highest tertile of serum phosphate was
associated with the outcome in all models. Results similar
to those obtained with the outcome of ESRD were
observed with PTH and 25-OH-D (Table 3). When only
mortality event was used in survival analyses, the relation-
ship between mineral parameters and the outcome was
not found. Adjusted survival curves according to the me-
dian serum phosphate and PTH are shown in Figures 2
and 3. Serum phosphate greater than 3.7 mg/dL and PTH
levels higher than 65 pg/mL were associated with the pro-
gression to ESRD and the composite outcome of ESRD or
mortality after adjustments for age, sex, DM, BMI, serum
albumin and eGFR (>=45 or <45 mL/min/1.73 m2).
Discussion
The present study evaluated mineral metabolism and the
associations between mineral parameters and outcomes
of ESRD and mortality in CKD stage 2–4 patients. High
prevalence of hyperparathyroidism and 25-OH-D defi-
ciency was observed in the early stages of CKD, whereas
significant hyperphosphatemia only developed in the
later stages. High-normal and mildly elevated serum
phosphate predicted the composite outcome of ESRD or
mortality. Mildly elevated PTH levels above the upper
limit of normal were associated with the development of
ESRD and the composite outcome of ESRD or mortality.
Hyperphosphatemia is a well-known risk factor for mor-
tality in ESRD patients [2,10-13]. Less data is available in
the non-dialysis CKD population. In early stages of CKD,
serum phosphate levels are mostly within the normal
range owing to augmented renal phosphate excretion as a
result of the release of at least 2 phosphaturic hormones:Table 3 Hazard ratios of the composite outcome of ESRD
or mortality
Parameters Unadjusted Model 1a Model 2b
Phosphated (mg/dL)
0-3.7 1 (reference) 1 (reference) 1 (reference)
3.7-4.2 1.67 (1.03-2.7)* 1.45 (0.82-2.55) 1.5 (0.82-2.74)
>4.2 3.51 (2.21-5.57)* 2.31 (1.31-4.05)* 2.01 (1.08-3.74)*
PTHe (pg/mL)
1-42 1 (reference) 1 (reference) 1 (reference)
42-65 2.22 (1.01-4.92)* 2.28 (0.79-6.56) 2.3 (0.8-6.63)
65-105 2.13 (0.98-4.64) 3.38 (1.22-9.39)* 3.54 (1.27-9.87)*
>105 7.16 (3.52-14.5)* 6.81 (2.52-18.4)* 6.04 (2.23-16.4)*
25-OH-Df (ng/mL)
>30 1 (reference) 1 (reference) 1 (reference)
15-30 1.27 (0.7-2.31) 2.25 (0.88-5.71) 2.13 (0.0.84-5.43)
<15 2.28 (1.19-4.37)* 3.27 (1.19-8.96)* 2.85 (1.03-7.84)*
aadjusted for age, sex, DM, BMI, serum albumin and eGFR (>=45 or <45 mL/
min/1.73 m2), bModel 1 further adjusted for other mineral parameters in this
table. dnormal values 2.5-4.6 mg/dL. enormal values 15–65 pg/mL, fnormal
values >=20 ng/mL.*P<0.05.
=<3.7 mg/dL
>3.7 mg/dL
P = 0.05
a
=<65 pg/mL
>65 pg/mL
P < 0.001
b
Figure 2 Adjusted survival curves of mineral parameters and the outcome of ESRD. a) serum phosphate and b) PTH. Adjusted for age, sex,
DM, BMI, serum albumin and eGFR (>=45 or <45 mL/min/1.73 m2).
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patients developed hyperparathyroidism starting from
stage 2. By the time they reached stage 4, hyperparathyr-
oidism occurred in almost 80% of the patients. Previous
studies have also demonstrated the appearance of hyper-
parathyroidism as early as eGFR 70–80 mL/min, whereas
hyperphosphatemia only became pronounced once eGFR
fell below 40–50 mL/min [4,5,15].
In the present study, patients who belonged to the
highest tertile of serum phosphate (>4.2 mg/dL) had an
increased risk of ESRD and mortality. Since only 7.7% of
the population were hyperphosphatemic, most patients
who belonged to this highest tertile of serum phosphate
actually had serum phosphate within the normal range.
Moreover, when the patients were divided according to
the median serum phosphate of 3.7 mg/dL, those with
serum phosphate greater than 3.7 mg/dL had a greater
risk of progression to ESRD and mortality. This data
suggests that a state of phosphate retention that began
long before hyperphosphatemia posed a significant risk
to patient outcomes. This finding is in agreement with
the results from prior studies. Kestenbaum et al.P = 0.03
=<3.7 mg/dL
>3.7 mg/dL
a
Figure 3 Adjusted survival curves of mineral parameters and the com
b) PTH. Adjusted for age, sex, DM, BMI, serum albumin and eGFR (>=45 orreported that serum phosphate higher than 3.5 mg/dL
was associated with an increase in all-cause mortality
[6]. Bellasi et al. observed an association between serum
phosphate >=4.3 mg/dL and the risk of starting dialysis
or dying [16]. Higher serum phosphate concentrations
within the normal range were also associated with a
more rapid decline in renal function and a progression
to ESRD [8]. The evidence of a relationship between in-
creasing serum phosphate and adverse patient outcomes
has been observed in subjects without CKD. In patients
with CVD, serum phosphate 3.5 mg/dL or higher was
associated with an increased risk of death compared to
serum phosphate lower than 3.5 mg/dL [17]. In type 2
diabetes, serum phosphate greater than 3.9 mg/dL was
associated an increase in cardiovascular mortality [18].
In community dwelling non-CKD, non-CVD adults,
higher serum phosphate increased CVD risks after a
follow-up period of over 10 years [19,20]. Whether an
association between phosphate load and worse outcomes
is the result of a direct or indirect effect of phosphate
will require further study. Previous studies have demon-
strated that a high phosphate environment could induce=<65 pg/mL
>65 pg/mL
P < 0.001
b
posite outcome of ESRD or mortality. a) serum phosphate and
<45 mL/min/1.73 m2).
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load in healthy volunteers resulted in a decrease in flow-
mediated arterial dilatation indicating an impairment of
endothelial function [21,22]. Higher serum phosphate
levels in non-dialysis CKD patients were found to be
associated with increased levels of c-reactive protein and
inflammatory cytokines [23]. In subjects with preserved
renal function, increased serum phosphate was asso-
ciated with the presence of calcified coronary athero-
sclerotic plaque [24].
As mentioned earlier, in the course of CKD, PTH and
FGF-23 levels become elevated prior to the development
of hyperphosphatemia. An increase in FGF-23 levels has
been shown to predict all-cause and cardiovascular mor-
tality in both dialysis and non-dialysis CKD populations
[25,26]. Limited data is available regarding the relationship
between PTH and outcomes especially in the early stages
of CKD. In ESRD, markedly elevated PTH concentrations
(>450-600 pg/mL) predicted worse outcomes, whereas a
more modest increase did not [2,3,11,13]. In the present
study, an increase in PTH levels just above the upper limit
of normal (>65 pg/mL) predicted the future development
of ESRD and mortality independent of CVD risks and
other mineral parameters. There was only one other study
in male non-dialysis CKD patients that reported an associ-
ation between mildly elevated PTH levels and the risk of
mortality [27]. While the data on FGF-23 and renal and
cardiovascular outcomes continue to accumulate, the link
between excess PTH and adverse patient outcomes be-
yond the musculoskeletal system has not been emphasized
[26,28-30]. It has been suggested that, in general popula-
tion, an increase in PTH above the normal limit in associ-
ation with low 25-OH-D levels predicted the development
of sudden cardiac death 14 years later [31]. Serum PTH
also correlated with an increase in systolic and diastolic
blood pressure, and patients with mild primary hyperpara-
thyroidism exhibited increased arterial stiffness [32,33].
Heightened activity of renin-angiotensin-aldosterone sys-
tem was proposed to be the link between PTH and
adverse patient outcomes [34]. The relationship between
25-OH-D deficiency and worse renal and patient out-
comes in CKD patients not yet on dialysis has been docu-
mented previously [35-37]. Similar results are also
observed in the present study.
The present study has some limitations. The relatively
low number of patients and low event rates may impact
the study models. FGF-23 levels were not determined
precluding an assessment of the effect of FGF-23 on out-
comes. As renal function deteriorates, mineral para-
meters change overtime and, the use of time-dependent
covariates may be more appropriate in this setting. The
present study is observational in nature and some la-
boratory data were not available during the follow-up
period. Nevertheless, the outcome data including renalfunction was obtained in 98% of the patients and mortal-
ity data was available in all patients.
Conclusions
In conclusion, hyperparathyroidism developed prior to
significant hyperphosphatemia confirming the presence
of phosphate retention in the early stages of CKD. High-
normal serum phosphate and mildly elevated PTH levels
predicted the future development of ESRD and mortality
in CKD stage 2–4 patients.
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